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(54) [Tide of the Invention] EEPROM 
(57) [Abstract] 

[Objective] To reduce write-in time to a memory array. 

[Constitution] Providing two serial input/output registers (2),(4) to execute both data 
write in to and read out from a memory array (6). 
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Specification 



[Scope of the Patent Claims] 

[Claim 1] EPROM, characterized as being outfitted with multiple individual serial registers to 
write in data to a memory array. 

[Claim 2] EEPROM, characterized as being outfitted with multiple individual serial registers to 
execute both data write in to and data read out from a memory array. 

[Claim 3] EEPROM, characterized as being outfitted separately with a write-in serial register to 
execute data write in to a memory array and a read out register to read out data from a memory 
array. 

[Claim 4] EEPROM, characterized as being outfitted with a first register to retain data to be 
written into a memory array, a second register to retain data to be read out from a memory array, 
and a batch verification circuit to detect write-in errors of any bit from the output of the first and 
second registers. 

[Claim 5] EEPROM, characterized as being outfitted with multiple serial registers to write in 
data to a memory array, and by the determined allotment of write-in domains to the memory 
array corresponding to the respective serial registers. 

[Detailed Explanation of the Invention] 

[0001] 

[Industrial Sectors That Benefit] 

The present invention concerns a serial input/output type EEPROM (Electrically Erasable and 
Programmable Read-Only Memory). 

[0002] 

[Prior Art] Conventional serial-input type EEPROM chips, i.e., NAND-type chips, are outfitted 
with one serial register, namely a shift register, that uses both input and output to write in data to 
and read out data from a memory array. It is, for example, 512 bytes long, the memory array has 
1,024 rows, and the chip capacity is 4M bits (512kB). This type of chip requires lOOnS of order 
time to serially input 1 byte of data and about SO^is to serially input 512 bytes of data. 

[0003] With a NOR-type, EEPROM time is generally a lOjis order. In the NAND conventional 
example discussed above, about 40ns is required. Verification readout that occurs after write in 
requires up to 6fis in a NOR-type. However, 10ns is required in a NAND-type of conventional 
example discussed above. In a conventional serial input/output-type EEPROM, then, data write 
in and verification read out takes about 50jxs. 
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[0004] 



[Problems the Invention Endeavors to Resolve] Furthermore, EEPROM write-in time in 
NOR-types is generally a 10ns order. Figure 7 shows the time sequence of the functions of a 
conventional serial input/output-type EEPROM. Since, as discussed above, only one serial 
register is provided, data write in and verification actions in the EEPROM do not occur while 
data is being input to the serial register on the host side. Thus, as shown in Figure 7, about 50ns 
of time is required on the host side. After data has been input to the serial register, write in and 
verification read out requires about the same amount of time, while memory array write-in 
requires a long time. 

[0005] Moreover, after the data read out to execute write-in verification has occurred and errors 
have been detected, data must be input again for correction, the problem thus being that the 
write-in cycle segment comprising data input, array write-in, and verification requires additional 
time. 

[0006] The present invention takes this situation into account. Its objective is to offer an 
EEPROM to reduce memory array write-in time. 

[0007] 

[Means to Resolve Problems] The EEPROM mentioned in Claim 1 is characterized in that 
multiple individual serial registers, e.g., serial registers (2), (4) in the embodiment in Figure 1, 
are provided to write in data to the memory array. 

[0008] The EEPROM mentioned in Claim 2 is characterized as being outfitted with multiple 
individual serial registers, e.g., serial registers (2), (4) in the embodiment in Figure 1, to execute 
both data write in to and data read out from the memory array. 

[0009] The EEPROM mentioned in Claim 3 is characterized as being outfitted with a separate 
write-in serial register to write in data to a memory array, e.g., the serial input register (1) in the 
embodiment of Figure 3, and a read out register to read out data from a memory array, e.g., the 
serial output register (22) of the embodiment. 

[0010] The EEPROM mentioned in Claim 4 is characterized as being outfitted with a first 
register that retains data to be written into a memory array, e.g., the first input register (51) of the 
embodiment of Figure 5, a second register to retain data to be read out from the memory array, 
e.g., second register (52) of the embodiment of Figure 5, and a batch verification circuit to detect 
write-in errors of any bit from the output of the first and second registers, e.g., exclusive OR 
gates (EX1) to (EXn) and OR gate (53) of the embodiment in Figure 5 . 

[001 1] The EEPROM mentioned in Claim 5 is characterized as being outfitted with multiple 
serial registers to write in data to the memory array, e.g., serial registers (2), (4) of the 
embodiment of Figure 1 , and by the determined allotment of write-in domains to the memory 
array that correspond to the various shift registers. 
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[0012] 



[Operation] In the constitution of the EEPROM of Claim 1 , after data is input to the first of 
the multiple serial registers, data can be input to the second of the multiple serial registers during 
the interval wherein data is written into the memory array from the first serial register. Thus, 
memory array write-in time can be reduced. 

[001 3] In the constitution of the EEPROM of Claim 2, after data is input to the first of the 
multiple serial registers, data is then input to the second of the multiple serial registers during the 
interval wherein data from the first serial register is written into the memory array. Then, during 
the period that data is read out from the memory array to the first register for, for example, 
verification purposes, data can be written into the memory array from the second serial register. 
Thus, memory array write-in time can be reduced and data write-in and readout can be 
synchronous. 

[0014] In the constitution of the EEPROM of Ciaim 3, data is input to a write-in serial register, 
wherefrom data is written into the memory array. Data is then read out to a readout serial register 
from the memory array for, for example, verification purposes, and then errors are detected. 
Since data is retained in the write-in shift register, data is rewritten in promptly without needing 
to be input again to the write-in serial register. Thus, the required rewriting in time when errors 
occur can be reduced. 

[001 5] In the constitution of the EEPROM of Claim 4, data to be written into the memory array 
is retained in the first register, the second register retains data read out from the memory array, 
and the batch verification circuit detects write-in errors of any bit from the output of the first and 
second registers. Since write-in errors can be detected immediately, rewriting in can be executed 
promptly. 

[0016] In the constitution of the EEPROM of Claim 5, data input to the multiple individual serial 
registers is, respectively, written into the allotted domains of the memory array. Thus, processing 
the writing in of data to multiple domains of the memory array can be executed simultaneously. 
Thus, write-in time can be reduced. 

[0017] Figure 1 depicts the constitution of one embodiment of the EEPROM of the present 
invention. In this embodiment, two individual serial input/output registers (2), (4) are provided. 
These respective serial input/output registers (2), (4) execute both the writing in and the reading 
out of data vis-a-vis a memory array (6) comprising a great number of memory cells arranged in 
matrix format. As to the host, write-in commands are input to the EEPROM control register after 
the length component of its data has been input to a serial output register (2). 

[001 8] The allotment of write-in domains to the memory array (6) corresponding to the 
respective serial input/output registers (2), (4) is determined. In other words, the allotment of 
memory array (6) write-in domains is determined such that data input to the serial input/output 
register (2) is written in to the odd numbered lines of the memory array (6), and data input to the 
serial input/output register (2) is written in to the even numbered lines of the memory array (6). 
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[0019] Figure 2 depicts the time sequence of one functional example of the embodiment of 
Figure 1 . Next, the function of the embodiment of Figure 1 will be explained while referring to 
Figure 2. After data (for example, Al) is input to the serial input/output register (2), data (for 
example, A2) is input to the serial input/output register (4) while data (for example, Bl) is 
written into the memory array (6) from the serial input/output register (2)^ Then, data (for 
example CI) is read out from the memory array (6) to the serial input/output register (2) for 
verification. Thus, the write-in time to the memory array (6) can be reduced, and data write in 
and read out can occur simultaneously. 

[0020] For example, when A: the data input (serial register input) time, B: the write-in 
(programming to the memory cells from the shift register) time; and C: the data serial output 
(read out) and verification time are equal, the total write-in time is 2/3, as Figure 2 makes clear. 
Thus, the write-in velocity is then a multiple of 1 .5. 

[0021] When the write-in time (B) is shorter, e.g., 10ns, random access becomes simple if the 
lengths of the serial input registers (2), (4) are lengths that correspond to the write-in times, for 
example 64B andl28B, etc. 

[0022] Figure 3 depicts the constitution of another embodiment of an EEPROM of the present 
invention. This embodiment is separately outfitted with a serial input register (12) to write in 
data to the memory array (6) and a serial output register (22) to read out data from the memory 
array (6). Moreover, a serial input register (14) to write in data to the memory array (6) and a 
serial output register to read out data from the memory array (6) are provided separately. 

[0023] Figure 4 is a time sequence of a functional example of the embodiment of Figure 3. 
Hereafter, the operation of the embodiment of Figure 3 will be explained while referring to 
Figure 4. First, data is input to the serial input register (12) from the host side, e.g., Al in Figure 
4. Then, write-in commands are input to the control register from the host side, whereupon data 
is written into the memory array (6) from the serial input register (12), e.g., Bl in Figure 4. Then, 
read out commands for verification purposes are set in the control register from the host side, 
whereupon data written into said array (6) is transmitted to the serial output register (22) from 
the memory array (6). The host side then reads out data transmitted to the serial output register 
(22), compares it to data, e.g. CI in Figure 4, to be written in that is retained at the host side, and 
then checks for errors. 

[0024] If at this stage the host side detects errors, write-in commands are again input to the 
control register, whereupon writing into the memory array (6) from the serial input register (12) 
occurs, e.g., Bl* in Figure 4. If errors are detected in conventional technology, data to be input to 
the serial input register (12) must once again be input for correction. In the embodiment in 
Figure 3, though, even if errors are detected, data is retained in the serial input register (12). 
Thus, data can be promptly rewritten in without the need to input data again to the serial input 
register (12). Thus, the rewriting in time required when writing in errors occur can be reduced. 
Moreover, the functions of serial input register (14) and serial output register (24) are the same. 

[0025] Figure 5 depicts the constitution of one embodiment of a batch verification circuit of an 
EEPROM of the present invention. This embodiment is outfitted with a first register (5 1) to 
retain data to be written into the memory array (6), a second register (52) to retain data read out 
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from the memory array (6), n individual exclusive OR gates (EX1) to (EXn) to compare the 
respective bit outputs of the first and second registers (51), (52), and an OR gate (53) to input the 
output of these n exclusive OR gates (EX1) to (EXn). The first register (5 1) can constitute, for 
example, the serial input register (12) of Figure 3. The second register (52) can constitute, for 
example, the serial output register (22) of Figure 3. If the lengths of the first and second registers 
(51), (52) are 128B, n is 128x8=1024 and the number of individual exclusive OR gates is 1,024. 

[0026] If all the bits of the first and second registers (51), (52) are consistent, the output of OR 
gate (53) is negated (in this case, output -"0") and that no errors have occurred is indicated. If any 
of the bits of the first and second registers are inconsistent, the output of OR gate (53) is asserted 
(in this case, output "1") and write-in errors can be discovered instantly. In this way, all data 
retained by the registers can be batch verified. With EEPROM, the sequence promptly moves on 
to rewriting in since there is no need to know at which bit a write-in error has occurred. 

[0027] At present, a NOR-type flash-memory is available that houses a circuit with automatic 
write-in functions inside the chip. However, the circuit in Figure 5 is effective to realize 
automatic write-in functions in a serial input type (NAND type) EEPROM. 

[0028] Figure 6 is outfitted with two pairs of serial input registers and serial output registers, as 
in the embodiment of Figure 3, and shows the time sequence of one functional example of an 
EEPROM wherein is housed the batch verification circuit or another automatic write-in circuit as 
found in Figure 5. In this case, the write-in velocity increases to a multiple of 2. 

[0029] In the aforementioned invention, moreover, the first register (51) of Figure 5 is 
constituted by the serial input register (12) of Figure 3. The second register (52) of Figure 5 is 
constituted by the serial output register (22) of Figure 3. Also, the first register (51) constitutes 
the serial input register (2) of Figure 1, and the second register (52) constitutes the exclusive 
verification register. 

[0030] 

[Outcomes of the Invention] With the EEPROM of Claim 1 , multiple serial registers are 
provided to write in data to the memory array. Thus, after data is input to a given serial register, 
data can be input to another serial register while data is written into the memory array from this 
point. Memory write-in time can thus be reduced. 

[003 1] With the EEPROM of Claim 2, multiple serial registers are provided to execute both data 
write in and read out vis-a-vis the memory array. Write-in time to the memory array can thus be 
reduced, and data write in and read out can be simultaneous. 

[0032] With the EEPROM of Claim 3, a write-in serial register to write in data to the memory 
array and a read out serial register to read out data from the memory array are provided 
separately. Thus, the rewriting in time needed when errors occur can be reduced. 

[0033] With the EEPROM of Claim 4, the batch verification circuit can detect write-in errors of 
any bit from the data retained by the first register to be written into the memory array, and from 
the data retained in the second register read out from the memory array. Since, therefore, write-in 
errors can be detected instantly, rewriting in can be executed promptly. 
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[0034] With the EEPROM of Claim 5, multiple serial registers to write in data to the memory 
array are provided and allotment of write-in domains to the memory corresponding to the various 
serial registers is determined. Thus, processing the writing in to multiple domains of the memory 
array can be done simultaneously and write-in time can thus be reduced. 

[A Brief Explanation of the Figures] 

[Figure 1] Block diagram depicting the constitution of one embodiment of the EEPROM of 
the present invention. 

[Figure 2] Diagram depicting the time sequence of one functional example of the 
embodiment of Figure 1 . 

[Figure 3] Block diagram depicting the constitution of a different embodiment of the 
EEPROM of the present invention. 

[Figure 4] Diagram depicting the time sequence of one functional example of the 
embodiment of Figure 2. 

[Figure 5] Block diagram depicting one embodiment of a batch verification circuit of an 
EEPROM of the present invention. 

[Figure 6] Diagram depicting the time sequence of a functional example in a case wherein 

the embodiment of Figure 5 is used, and outfitted with a serial input register and a 
serial output register as in the embodiment of Figure 3. 

[Figure 7] Diagram depicting the time sequence of a functional example of a conventional 
EEPROM. 

[Key to the Figures] 

(2), (4) ... serial register 

(6) . . . memory array 

(12), (14) ... serial input register 

(22), (24) . . . serial output register 

(51) ... first register 

(52) ... second register 

(53) ... OR gate 

(EX1 ), (EXn) . . . exclusive OR gate 
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